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Why search for Gamma Ray Bursts
with neutrino telescopes?

Neutrinos
e escape high—density regions
e can travel cosmological distances undeflected
e point back to source

Gamma Ray Bursts
e may accelerate protons in shocks

pr+y~nt — pt v — et Fre T,y
e Short & defined position — low background
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Why search for Gamma Ray Bursts
with neutrino telescopes?

Neutrinos
e escape high—density regions
e can travel cosmological distances undeflected
e point back to source

Gamma Ray Bursts
e may accelerate protons in shocks

pr+y~nt — pt v — et Fre T,y
e Short & defined position — low background

unambiguous proof of hadronic acceleration
GRB +— UHECR connection? ﬁ\\\\~
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Reminder: The ANTARES detector

cosmic
rays

background

cosmic
atmosphere

—

12 lines with 885 photo multiplier tubes,
taking data since 2007

ANTARES overview — see talk of Salvatore Mangano
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Analysis Overview

e stacked GRBs within 2008—2011
e 297 long GRBs, total Tqearcn = 6.55 hours
e parameters from Fermi, Swift, GCN notices

\
GCN = Gamma-ray Coordinates Network “
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Analysis Overview

e stacked GRBs within 2008—2011

e 297 long GRBs, total Tqearcn = 6.55 hours

e parameters from Fermi, Swift, GCN notices

e Signal: per GRB simulations

e Background: extracted from data

e Search method: Extended Maximum Likelihood
search

e quality cut optimised per GRB
— highest discovery probability

\
GCN = Gamma-ray Coordinates Network “
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GRB parameters and selection

e Fermi: best photon spectrum
e Swift: best localisation
e GCN: fill up missing parameters

Default parameters:

x =1 B=ua+1 €peak = 200 keV
z=215 Lig, = 10”2 erg/s

' =316 €¢=0.1 eg = 0.1
fo=01 (Xpr) =02 far = 0.01 s

\

same as in Aguilar (2011)
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Sky map of selected 297 GRBs
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Neutrino Emission Models
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Expected Neutrino Fluences

& :

o :

T A W S E—
9 :

L

9

Z

©

AN

L

10° 10* 10° 108 107 108 10°

NeuCosmA and Guetta spectra
thick: sum of the 297 individual spectra
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NeuCosmA simulations: P. Baerwald N
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Generation of Signal Distribution

Monte Carlo Simulation — Reconstruction
— Point Spread Function S(6) = dN/dé

Iog10 dN/dQ
dN/dd
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J: space angle between reconstructed event and GRB position
— median angular resolution: 0.32°

— expected number of events: 0.035 '\&
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Background estimation from Data

cosmic
rays

small rate of upgoing events
(~ 4/day)

— average over 2008 — 2011 cosmic
— scale by c(t)

up(®, @) = (n(®, P))whole period * c(t)
— B(6) = up -2 sin(9)

background

atmosphere

background components: atmospheric v and misreconstructed
atmospheric u from Cosmic Rays
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Extended Maximum Likelihood

e test function

Mot A
us - S(6i) + fip - B(4;) -
Q= max lo . — (us+
Z 9 fip - 8(5,') (‘uS ‘ub)

ns€[0,Mot] j—4

e a priori knowledge of background rate iy,

e Pseudo—Experiments (PE) generated from B(J)
with ng = 1,2, 3, ... signal events injected from
S(6)

— calculate Q for each PE
— discovery probability
= optimal quality cut
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Results of Pseudo Experiments
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Results of Pseudo Experiments

probability distributions of Q
o g T
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Results of Pseudo Experiments

probability distributions of Q
o g T
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Results of Pseudo Experiments

probability distributions of Q
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Results of Pseudo Experiments

quality cut optimized for NeuCosmA model
probability to make a discovery at expected signal rate us
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Results
No event found in stacked GRB search windows!
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exptected events: 0.48 (Guetta), 0.061 (NeuCosmA)
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Results
No event found in stacked GRB search windows!
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Results
No event found in stacked GRB search windows!

E2dN/dE [GeV cm™]
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exptected events: 0.48 (Guetta), 0.061 (NeuCosmA)

— 90% C.L. limits (dashed)

Grey: previous limit, 40 GRBs (Adrian-Martinez et al., 2013)
Black: IceCube 1G40+59 limit, 215 GRBs (Abbasi et al., 2012) |
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Summary

e Search for neutrinos in coincidence with GRBs
from 2008 to 2011 with ANTARES

e first analysis optimised for numerical NeuCosmA
model

e NO excess over background found
e put most stringent limits on Southern Hemisphere
bursts

= Current neutrino telescopes may soon probe
recent numerical GRB neutrino emission models
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